Knowledge-based revision of the planning, design and maintenance of infrastructure and civil administration by tapping the efficiencies of emerging information tools (such as the digital communication network) and/or engineering technology is a pivotal step in achieving an intelligent city which would ensure an enhanced well-being of the city's inhabitants and visitors alike.
INTRODUCTION
In this paper, the concept of an 'intelligent city' broadly refers to a city's which effectively utilises the vast knowledge which comprises all the city's components through the application of engineering and information technology to produce a networked, safe, compact, sustainable and beautiful city.
Cities have become great demographic magnets of the modern era because they provide opportunities for employment and wealth and are seedbeds of cultural development. They are centres of communication, learning and complex commercial enterprises; they house huge concentrations of families; they focus and condense physical, intellectual and creative energy. They are places of hugely diversified activities and functions: exhibitions and demonstrations, bars and cathedrals, shops and opera houses, leisure centres and museums.
The potential to update technical and management criteria to tackle the challenges that threaten this wide range of activities and services is more easily realised when technological and managerial tools are enshrined within the city's policy framework.
KEY COMPONENTS AND OPERATORS
Cities operate in three main conventional realms: work, leisure and services (Fig. 1) . Examples of services include education, health care, security, utility provision, shopping, charities or religious gatherings. These realms are operated by three sectors: the market sector, government sectors and the civil sector. The market sector creates market capital, the government sector creates public capital and the civic sector creates social capital. The collation between the different sectors produces what could be described as a networked city-where production, consumption of goods and services, and waste management are coordinated to improve the standard of living.
ENGINEERING PERSPECTIVES
World resources are finite and thus threatened with depletion in the near future. Similarly, the fear of terror attack, climatic change and lawlessness constantly haunts our cities. 1 The engineering perspective attempts to explain how civil engineering could alleviate these ills, not least by bringing about aesthetics, a sense of community and social inclusiveness.
Energy efficiency
Many cities suffer from overcrowded roads (Fig. 2 ), excessive energy use, depletion of natural resources, increased air and noise pollution and intensified social polarisation. However, a compact city composed of overlapping activities, for instance, is more convivial and reduces the need for car journeys, which in turn dramatically reduces the energy used for transportation-usually a quarter of a city's overall energy consumption. Fewer cars simply means less congestion and better air quality, which in turn encourages walking and cycling rather than driving.
A compact city, therefore, reduces energy wastage. This can be taken even further when considering energy production and distribution. For example, generating electric power produces hot water as a by-product, which in conventional power plants is simply wasted. Local combined-heat-and-power plants can be used both to distribute electricity and, due to their proximity, to pipe hot water directly into buildings. This can be more efficient than conventional power distribution. In addition to being environmentally sustainable, waste minimisation through recycling (Fig. 3 ) also conserves energy which otherwise would have been wasted.
Buildings
Modern high-rise buildings are energy-guzzling structures that are consuming half the world's annual energy. 2 However, computer technology has revolutionised the process of designing low-energy buildings (Fig. 4) . Programs already available can generate models that predict air movement, light levels and heat gain in a building while it is still on the drawing board. This significantly increases the ability to refine those aspects of a building's design that can utilise the natural environment to reduce its energy consumption. For example, by varying the height of buildings, sunlight and daylight could be harnessed to brighten streets, squares and avenues, even in areas of high-volume construction. Thus, by We should use the new technology that gives buildings increasingly electronic 'nervous systems', able to register internal and external conditions and respond to specific needs. New materials exist that can change from high insulation to low, from opaque to transparent, that can react organically to the environment and transform themselves in response to daily and seasonal climatic variation.
The large, densely occupied floors, together with the intensive use of computers and other machines, generate vast amounts of heat, requiring powerful equipment to extract the hot, stale air and pump in fresh, chilled, filtered and humidified air. In addition, the windows are so far from most people's desks that they need artificial lighting throughout the day. The result is an energy-guzzling environment that isolates people from nature, disconnects them from the life of the city and grossly pollutes the environment.
These problems can be solved by designing slimmer buildings that allow more people to have proximity to windows, thus reducing the need for artificial lighting. Inside the building, air that enters through openable windows can be circulated without using mechanical fans by shaping the ceilings and roofs aerodynamically and by connecting floors to a larger space or atrium: as the air in the atrium rises in temperature, the 'stack effect' pulls air upwards, sucking the stale air out of the peopled spaces. Buildings that are divided by an atrium can contain large floors, with good visual contact between people and healthy ventilation.
Taming the automobile
The car has played (and will increasingly continue to play) a critical role in undermining the cohesive social structure of the city. The car has facilitated the division of everyday activities into compartments, segregating offices, shops and homes, and (more seriously) polluting the environment with its exhaust fumes. And the more cities spread out, the more uneconomic they become as they expand their public transport systems and citizens become more car-dependent.
The concept of 'taming the automobile' is a step forward in pedestrianising urban streets. The success of this can be seen in some cities around the world where the main street has been turned into a pedestrian thoroughfare, so transforming the city from a car-oriented place ( Fig. 2 ) to a people-friendly one (Fig. 5) . Diverse commercial and residential quarters which are enhanced by a network of parks and public spaces and accessed primarily by public transport are capable of acting as a cultural focus (Figs 6 and 7).
To avert the car culture which has dominated cities worldwide, the following simple approaches (through design and management) could prove very helpful in encouraging public transport use-the key to a more compact and energy efficient city environment.
(a) Sharply restricting car use in the city by pedestrianising the city centre (Fig. 5) , instituting area-wide calming strategies and making car parking more difficult and expensive. The city could also introduce a bicycle system, allowing anyone to borrow a bicycle from stands around the city for a small coin deposit. (b) Providing affordable, convenient and safe alternatives to car use, by extending and upgrading the city's light rail system and using buses as feeders to the rail system. This should be complemented by providing high-quality passenger, and passenger transport operator information, systems. (c) Restricting development to ensure a compact land-use pattern that is conducive to public transport, cycling and walking (Figs 6 and 8).
Cities should be designed in which communities thrive and mobility is increased without permitting the car to undermine community life, for example by focusing on the reduction of traffic congestion and accidents which are principally caused by the use of cars on the roads.
With regard to city logistics, recent reports 2 have highlighted the lack of data concerning the volume and composition of urban freight and merchandise transport. The reports conclude that city logistics have failed to deliver efficiently. Possession of such data is a fundamental requirement for designing effective measures and identifying certain groups of players who are supposed to carry out the measures in delivering city logistics. In terms of limiting freight distribution, a non-cooperative ethos (due to the competitive nature of the business) together with restricted influence of public policy on corporate decision making (caused by a generic tendency to shy away from influencing private operations) militates against progress and improvements. This could be tackled by assuring all city stakeholders of full data confidentiality (delivering only when required for a city-wide infrastructure enhancement) and instituting a public body to incorporate public views in the commercial decision-making policies that govern cities.
INFORMATION TECHNOLOGY
The city economy and national security are partly dependent upon information technology and the information infrastructure. A group of networks directly support the operation of all sectors of our economy: energy (electricity, oil and gas), transportation (rail, air, merchant marine), finance and banking, information and telecommunications, public health, emergency services, water, chemical, defence, industrial base, food, agriculture, and postal and shipping. They also control physical objects such as electrical transformers, trains, pipeline pumps, chemical vats, radars and stock markets. Connectivity has become the defining characteristic of our twenty-first century urban condition.
As homes, institutions and entertainment and work places become less defined by their single function, one basic structure linked to a communication network can accommodate learning, work and leisure. The building system itself-its craftsmanship, responsiveness and beauty-can become a dominant criterion. Technological support and access to sophisticated topographical and meteorological data can help in the planning of strategic agro-urban systems to deliver safe water, safe energy and food.
City civil structures should be created where citizens could meet developers and the planning committee its electorate. In effect they would need to be 'electronic town halls', both multimedia forums and physical meeting places, providing interaction and access to a broad range of information-a vehicle for the citizen to learn and to ensure that the planning professions serve the needs of the public. Realising the untapped wealth of knowledge and ideas that lie within the citizenry is one of the keys to solving urban problems. Rather than becoming obsolete because of the 
Smart card
The emergence of the smart card has facilitated city activities very effectively. It has proved to be a secure option for purchasing, travel and personal identification. Chip cards from banks will be indispensable, more convenient in paying exact amounts and reducing the need to carry cash at an increasing number of locations.
In the transport industry, this has the pronounced effect of providing seamless travel: the fully integrated user might leave their house in the morning, use the card to open the garage, enter the toll road on a side exit and then plug the card into their in-vehicle device to exit at 'highway speed' and enter the car park; then the same card will be used to board the bus and subway, buy a newspaper and finally record the time and open the door when entering the office. A practical example includes the Oyster smart card used on the London Underground, buses and trams. 3 Their usefulness may stretch even further to include dynamic inner-city route guidance, provision of 'online parking' for garage and roadside parking: the opportunity to reserve a parking place in a specific parking garage, electronic payment methods for roadside parking, park-and-ride information upon request, and pedestrian routeing. The access strategy can be set to involve synchronisation of the relevant information with corresponding screens on the invehicle terminal. This can be boosted by the use of geographical information systems (GIS) as a guidance to every position on the city route networks; this might also include the demographics of the place, which will incorporate and analyse data with auxiliary and spatial information for faster decision making.
Smart card technology offers the opportunity to store information in a convenient, portable and secure manner with more room for interaction between government and citizens (private enterprise, individuals) and the ease and time of obtaining and using the relevant information for security and commercial purposes. 
Usefulness of internet for communities
The internet could be used for a variety of purposes, such as planning routes to the nearest hospital for appointments or emergencies. Other examples include details of walking, cycling, car parking, public transport/taxis and real-time information and park-and-ride sites, TV programmes, sport, leisure and entertainment schedule times, online transactions and searches, and weather forecasts. This information would be available on websites, personal digital assistants and mobile phones. The internet can also provide robust information for obtaining the use, and tracking the users of, data by the authorities for future service improvement, and criminal monitoring and investigation.
Building an interoperable online database of the city components by the operators could be a step forward in integrating various urban data sets, particularly in transforming the process of urban government by increasing the government services available online. This has proven to be effective in Sweden where citizens find such services useful, as borne out by the increased percentage (63% in 2001 to 80% in 2002) of internet users visiting online government services. 
Disaster planning and management
Crime reduction (and reduction in the fear of crime) contributes widely to the social, commercial and cultural cohesion of a society, and to this end closed-circuit television (CCTV) can help. 6 In today's fragile environment of potential terrorist attack (usually on cities), the upgrading of CCTV is highly recommended. The evolution of cameras over the past few decades (from black and white to coloured and now to zooming facilities) also means CCTV can be upgraded to take clearer pictures for easy identification. This would enhance tracking of suspicious individuals at locations of mass city transit and gatherings. Instant relay of suspicious individuals or items to the control room would spark immediate response and, where necessary, mass evacuation and/or arrest of suspected culprits. This would reduce other costs, such as investigations and, most importantly, cut the risk of loss of life.
Privacy and commercial confidentiality
The vision of an intelligent city is to build a more efficient and integrated society with an effective management and administration system that satisfies the everyday needs of citizens and business. This would mean providing 24-hour access to transactional city services but at the same time safeguarding personal identities and the nature of the competitive market economy. Guarding against access to personal and confidential data which can be readily obtained from sources such as smart cards, the internet and CCTV, can be a vital tool to achieving a fraudless, effective and trustworthy community.
The central coordinating database should be designed and managed to ensure controlled access to confidential and sensitive data for the social, economic and political confidence of society.
All the various city sectors should adopt the least intrusive approach to the use of personal data, aiming to achieve improvements in service or efficiency with the minimum of data and without affecting personal privacy. Public acceptance will be increased by enabling more timely and transparent access to personal data stored on or accessed by, for example, a smart card.
In the UK, this is enshrined in the Data Protection Act, which assures citizens of the confidentiality of their data held by a third party. 4 
CONCLUSION
Today, people are more inclined to see cities as a conglomeration of buildings and cars than as streets and squares, and to feel city life is more about alienation, isolation, fear of crime and terrorist attacks, congestion and pollution than about community, participation, animation, beauty or pleasure.
Modern life is changing much faster than the buildings that house it. A building that is a financial market today may need to become an office in five years and a university in ten. So buildings that are easy to modify will have a longer useful life and represent a more efficient use of resources. We must therefore strive for a much greater mix of building type and housing tenure, and seek to optimise development density in proximity to public transport hubs.
The basic separation of work and home is no longer an imperative, and closer links can be forged between the different components of city life. Increasingly, residential, commercial and leisure uses can be combined within a single building or in close proximity within a given area, allowing a new synergy to develop between uses and users.
Despite the spirit of mass consumerism that is set to incapacitate our cities, there is still cause for optimism: the spread of ecological awareness, of communications technology and of automated production. These contribute to the development of an environmentally aware and socially responsible post-industrial urban culture.
Many more additions to the public realm to boost public amenities are expected, for example public vigilance in the surroundings (as a safety precaution against intruders), or public awareness of the benefits of mass transit to eliminate the menace that car-choked streets impose on human life. Added to this would be the implementation of those measures that could solve the problems of reduced public spaces, narrow pavements, road accidents, air and noise pollution-those things that act as barriers to a city's service deliverance.
In place of cities that overwhelm the environment and alienate our communities, the vision of intelligent cities is one that nurtures both well-being and society.
